Purpose To identify the causal factors in wrong intraocular lens (IOL) events from a national data set and to compare with similar historical data (2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010) prior to mandatory checklist use, for the purpose of developing strategies to prevent never events. Methods Data from wrong IOL patient safety incidents (PSIs) submitted to the National Reporting and Learning System (2010)(2011)(2012)(2013)(2014) were reviewed by thematic analysis and compared with the data previously collected by the group using the same methodology. Results One hundred and seventy eight wrong IOL PSIs were identified. The contributory factors included: transcription errors (n = 26); wrong patient biometry (n = 21); wrong IOL selection (n = 16); changes in planned procedure (n = 16); incorrect IOL brought into theatre (n = 11); left/right eye selection errors (n = 9); communication errors (n = 9); and positive/negative IOL power errors (n = 9). In 44 PSIs, no causal factor was reported, limiting the learning value of such reports. Compared with the data from previous years, biometry errors were much reduced but IOL transcription and documentation errors were greater, particularly if further checks did not refer to the original source documentation. IOL exchange surgery was reported in 45 cases. Conclusions The selection and implantation of the correct IOL is a complex process which is not adequately addressed by existing checking procedures. Despite the introduction of surgical checklists, wrong IOL incidents continue to occur and are probably underreported. Human or behavioural factors are heavily implicated in these errors and need to be addressed by novel approaches, including simulation training. There is also scope to further improve the quality and detail of incident reporting and analysis to enhance patient safety.
Introduction
Cataract surgery with intraocular lens (IOL) implantation is one of the most frequent operations in the UK 1 and a highly cost-effective treatment which improves quality of life. 2 However, cataract surgery carries risk for errors that fulfil the definition of a so-called 'never event'. 3 Never events are 'serious, largely preventable patient safety incidents that should not occur if the available preventative measures have been implemented'. 3 Potential never events in cataract surgery include wrong patient, wrong eye, and wrong implant. Cataract surgery carries a greater risk of inserting a wrong implant than any other procedure requiring an implant. For every IOL procedure, multiple elements of the data must be measured accurately by specifically trained professionals using delicate instruments. IOL planning and selection requires analysis of many factors about the patient, the eye, their refractive desires, and previous ocular history as well as the use of complex formulae. Correct IOL selection requires the clinician to check multiple, often small font, biometry and other data fields on different sheets of paper or screens as well as ensuring all pertain to the correct eye and often to transcribe such IOL selection. This, together with a huge number of permutations of available IOL types and dioptric powers, within a high volume list, increases the risks far beyond that which one could expect with a hip replacement or similar implant. 4 The evolving use of multi-focal and toric IOLs adds to the risk of error.
In recent years, the use of surgical checklists has been associated with reductions in surgical mortality and morbidity in developed and emerging economies [5] [6] [7] and became mandatory in 2009 in NHS care in England and Wales. Cataract specific checklists were introduced in the US by the American Academy of Ophthalmology in 2009 8 and in the UK by the Royal College of Ophthalmologists ('the College') in 2010. 9 It is recognised that learning from patient safety incidents, through incident reporting, causal analysis and dissemination for wider learning, is a core process for improving care quality. 10, 11 In the UK, the National Patient Safety Agency (NPSA) and, subsequently, NHS England, have facilitated the collection of a national incident data set since 2003 through the National Reporting and Learning System (NRLS). 12 In early 2010, a review of wrong IOL implantation incidents reported to the NRLS since 2003 was undertaken by one of the authors. 13 The present analysis re-assesses wrong IOL events reported to the NRLS to determine whether the implementation of recent measures such as cataract checklists and never event reporting have led to improvement and to help develop further preventative strategies.
Materials and methods
A retrospective review of 'wrong IOL' patient safety incidents (PSIs) reported to the NRLS in the period 1 February 2010 to 31 May 2014 was undertaken. A search of the incident level patient safety data was performed using the following free text terms: 'wrong' or 'incorrect' or 'error' and associated with 'cataract' or 'lens' or 'intraocular' or 'IOL' or 'dioptre' or 'cataract surgery' or 'phaco' or 'phako' or 'biometry' or 'IOL master. ' Wrong IOL incident reports were extracted and analysed. We acknowledge that invariably causation in safety incidents is multifactorial. However, the data and free text in each incident was reviewed and scrutinised by thematic analysis to identify the major reason for error. The timing of error detection, management including any surgical intervention and the level of harm reported was also reviewed.
These data were compared with similar wrong IOL incident historical data, obtained from the NRLS by our group in the period 2003-2010, using the same search terms and analysis method. The previous data extraction reviewed 164 PSIs.
Results
In total, 178 wrong IOL PSIs were identified, reviewed and compared with the historical data. These are categorised in Table 1 by when the incident occurred within the cataract care pathway. In Table 2 , details of system failures and unsafe human behaviours detailed in incident reports are presented.
Causal factors
The nature of the errors showed many similarities to the historical data. First, we identified recurrent problems in matching clinical documents with the correct patient or the correct eye. In particular, and of concern, misfiling of the biometric data in the wrong patient notes was reported in far more incidents (21/178) than previously (4/164) and there were persistent reports of using notes not matched to the patient (5).
Second, errors in the selection and documentation of the IOL to be implanted continue with recurring themes from the previous review. IOL selection mistakes included using biometry data for the wrong laterality (wrong eye) and the surgeon making the incorrect selection for the planned refractive target. In one case, an unexpected change in the biometric data layout resulted in wrong IOL selection and, in a second, a poor quality printout with unclear data was misread by the surgeon.
In the earlier 2003-2010 review, transcription of the IOL choice from biometry data to another format was a leading source of error. In these data, mistakes in transcription were even more common (21) , alongside unclear documentation of positive and negative dioptric powers such as '+3' instead of ' − 3' and mistakes such as '29' power misread as '19'. The errors involved transcription onto white boards and, less commonly, paper sheets such as operating lists, and subsequent reference to this instead of using the original clinical or biometry documents. A particular risk within this category was transcription into an ordered list of dioptric powers written on white boards when there was a change in list order.
The number of reports with inaccurate biometry is far smaller than the number observed in the previous review (5 versus 29). Similar to that reported previously, failure to remove rigid contact lens in adequate time before biometry measurements were taken is a rare cause (1).
Change in planned procedure or change in team members during list
A change in planned procedure, owing to list order change or intraoperative complication, particularly when a different IOL model or power had to be selected, was implicated in a number of incidents (16) . Changes in staff members during the list, often with consequent breakdown in communication, were detailed in some reports as contributing factors.
Electronic patient records
A number of reports (17) detailed errors with respect to the use of electronic patient records (EPRs), which were not identified in the earlier analysis. These incidents related to accessing incorrect patient records or incorrect eye data, resulting in failure to match the correct patient or eye with the correct data. These mistakes were carried downstream in the surgical pathway by transcribing the incorrect selection with subsequent checks failing to refer to source EPR documents. Incorrect biometry data in the EPR following manual entry errors or incorrect electronic import were also described.
Timing of discovery of error
The majority of errors were detected after completion of surgery ( Figure 1a ) with 17 promptly identified when completing the operating note. Unexpected refractive outcomes (so-called 'refractive surprise') and reduced visual acuity were the leading causes for identification of error postoperatively.
Level of harm
Reporting the level of harm is mandatory (Figure 1b) . In the 45 cases that underwent further surgical intervention no harm was the commonest classification (26) with Table 2 Examples of potentially unsafe systems and human behaviours described in reports reports of low, moderate, and severe harm in 4, 12, and 3 reports, respectively. The basis for these categorisations was not clear from the information reported.
Management of errors
In 68 reports, the further management of the wrong IOL event was documented. (Figure 1c ) Conservative management was most often chosen if the visual outcome (unaided or with spectacle correction) was acceptable to the patient. IOL exchange (45/68 reports) was the only reported further surgical intervention with no reports of other management such as laser refractive correction or secondary 'piggyback' IOL implantation. A clinical adverse outcome and indication for further surgery was documented in only 4 cases with refractive surprise (3) and predicted unacceptable outcome (1) detailed. Unfortunately, the reason for further surgery (such as significant refractive surprise or specific nature of any patient harm) was not clearly outlined in the remaining majority (41) of reports. Adverse outcomes from further surgical intervention were described in four cases with retinal tear (1), corneal decompensation (2), and vision loss (1; duration unknown) reported.
Data comparisons
The 14 However, attempts to directly compare the rate of wrong IOL events between these two periods can be misleading. The true incidence of wrong IOL implantation is unknown as incident reporting systems do not necessarily provide an accurate assessment of the epidemiology of medical errors 15, 16 and mandatory reporting of incidents since 2010 alongside a better reporting culture may explain the apparent higher rate in the later data.
Discussion
Wrong IOL implantation has been included as a never event since 2011 if the incident requires surgical intervention and/or if the patient suffers complications. 17 From 2015 all wrong IOLs fulfil the revised definition of never event. 18 This change is likely to result in ophthalmic surgery being one of the most frequent sources of surgical never events in the UK.
There is a debate as to whether wrong IOL incidents truly fulfil the spirit of a never event 19 given that most patients do well. Furthermore, reputational damage and financial penalties associated with never events may lead to under-reporting. 8, 20 However, that wrong IOLs or refractive surprise are a problem cannot be argued. Surgical never events are the most frequently reported type of never event 21 and wrong IOL implants are the leading cause of wrong implant never events. 22 Errors in cataract care are a common cause of litigation in ophthalmic care 23 with wrong IOL insertion the single commonest (19%) cause. 24 In addition, there is little doubt that the never event system has raised awareness and led to changes in practice to improve safety. 20, 25, 26 
Causal factors and addressing them
The present data demonstrate the persistence of wrong IOL events in the NHS in England and Wales, despite promotion of patient safety and mandatory use of surgical checklists. A recent analysis of wrong IOL incidents (44 cases) from the Veterans Health Administration confirms a similar situation in the USA. 20 Analysis of the causal factors within our data and elsewhere suggests that non-technical errors (human factors) are the predominant cause of mistakes. 27 Surgical checklists have been widely adopted, and are mandatory in many healthcare systems, following demonstration of improvement in surgical morbidity and mortality. [5] [6] [7] It may be that, despite a bespoke cataract checklist being in widespread use, IOL selection could be further honed for greater safety locally with greater emphasis on team function and practical use. 28 Local tailoring of surgical safety checklists and protocols, with active engagement from clinicians and staff, is highly encouraged, with evidence suggesting greater success and sustained use through this approach. 29, 30 Experience demonstrates that checklists alone are not completely effective in preventing adverse incidents 31, 32 and recent publications question the assumption that adoption of checklists routinely result in better surgical safety outcomes. 33, 34 It is increasingly recognised that multiple factors, such as staff engagement and organisational support, influence checklist use and adherence, and this may help explain variation in reported outcomes with checklists. 34, 20 The present analysis also adds to the view that checklist adoption is not enough.
Human errors and team behaviour provide actionable targets for improving safety and can be addressed positively by training using realistic immersive simulation in both medical and non medical fields. 16, [35] [36] [37] The surgical safety process needs to be completed by teams who have trained together and had appropriate education in human factors in safe team work including communication, situation awareness, decision making, leadership and stress management. 31, 38 We have provided a series of recommendations in Table 3 , with specific guidance for strategies during the recognised vulnerable stages of the surgical care pathway 31 and to address unsafe behaviours evident in our incident data ( Table 2 ). The recent recommendations from National Standards for Invasive Procedures 31 (NatSSIPs) also focus on robust and consistent approaches by the whole surgical team throughout the procedure. In particular, we suggest team simulation training with scenarios involving common mistakes, such as wrong patient biometry, alongside specific exercises for staff to gain confidence in areas such as dealing with a change or challenging concerns. We believe simulation training is an important, novel approach to improve these skills in cataract surgery teams.
Reporting quality
The determination of true levels of harm and the ability to learn are undermined by a continuing lack of detail and consistency found in the incident reports in this study. For example, the NPSA definitions of harm indicate a return to surgery without permanent harm should be coded as 'moderate' severity, yet the majority of cases undergoing IOL exchange were graded as 'no harm.' 39 Reports contained no details of causal factors in 25% of the 2010-2014 data and in 38% of the 2003-2010 data. We recommend that reporting improves in this respect and reporters are encouraged to refer to the definitions of harm as defined in NPSA's Seven Steps to Patient Safety. 31, 39 
Conclusion
This analysis of national PSI data from England and Wales demonstrate that wrong IOL episodes continue to occur in NHS care despite the widespread use of bespoke checklists in cataract surgery and we recommend that there should be a focus on human factors and team-based simulation training, although who will develop, fund, and resource such training is uncertain. We encourage local reporters of patient safety incident reports to be more detailed and to be more accurate about levels of harm and to include root-cause analysis reporting to ensure better Table 3 Recommendations of important principles to adhere to in standard operating protocols for correct IOL implantation
Recommendations
Consistent checks and no assumptions: three-stage approach to the sign in, time out, and sign out checks: 9,31 (i) identity and document check; (ii) eye (left or right) check and (iii) IOL check (power, type, and model) repeated at each stage. Specifically check all documents, especially biometry data matches the patient and operated eye at each stage.
IOL selection: always refer to source biometry and clinical documents during IOL checks at each stage listed above. Any unusual powers or models or negative powers voiced during the 'team brief' and 'time out' stages. Always check the selection is made using the correct formula, A-constant and pertains to correct eye.
Transcriptions: to avoid mistakes and cascading of errors: (i) no writing of multiple IOL selections onto white boards or theatre lists and the transcription should always be matched to a single patient and their identifying data; (ii) any minus lens powers clearly denoted by the word 'minus' and (iii) transcription onto only locally agreed IOL selection sheets (paper or electronic) and clear handwriting is crucial.
